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Abstract 
This research project aims to present a Lean Manufacturing project implemented at a 
manufacturing company.  
 
I provide a broad description of the company. Special emphasis is put on the assembly 
line which I studied. I present the operations and tasks carried out on the line, as well 
as some technical concepts that relate to the problems encountered during the 
project.  Following, I will walk you through the 6-weeks project providing examples of 
forms, videos, ideas, and tools that we used in the project. Likewise, I get in detail with 
all the ideas that came up and we implemented; focusing in depth on those ones that 
accounted for a major change in the process.  
 
Last, I conclude by summarizing the implementation process; how changes were done, 
how did we validate that the goal was reached; and what results we got. 
 
Key concepts: lean manufacturing, six sigma, continuous improvement, project 
management, total quality management. 
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Introduction 
“All we are doing is looking at the time line from the moment the customer gives us an 
order to the point when we collect the cash.” 
Taiichi Ohno 
 
This quote perfectly summarizes what continuous improvement and operational 
excellence is all about. Why is the time line so important? As discussed further on this 
report, time elapsed between these two events can be a good measure of how 
efficient a company is. In lean manufacturing companies try to reduce the time line by 
removing the non-value-added wastes. 
 
Lean Manufacturing is the approach that focuses on creating value and the elimination 
of waste in all forms, and smooth, efficient flow of materials and information 
throughout the value chain to obtain faster customer response, higher quality, and 
lower costs (OM2) 
 
Lean Manufacturing Principles  
 
Lean operating systems are built upon four basic principles, which are as follows: 
 
1. Elimination of waste 
 
“Lean”, implies doing only what is necessary to get the job done. Any activity or 
operation that does not add value in an organization is considered waste. Taiichi Ohno, 
when working at the Toyota Motor Company, was the first to identify and classify 
waste into seven main categories: 
 
Overproduction: mismatches in supply and demand result in greater resources tied up 
and idle excess inventory. 
 
Waiting time: queues between operations, longer lead times and idle work-in-process. 
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Transportation: excessive time and effort wasted in moving resources around the plant 
as a result of poor layouts. As we will see in the practical part, many of the ideas 
implied redesigning lines which reduced the time spent moving material around. 
 
Processing: waste that result from poor product or process design. This is waste that 
can be prevented at early stages when assessing the manufacturability of a certain 
product.  
 
Inventory: waste associated with the expense of idle stock and extra storage and 
handling requirements needed to maintain it. 
 
Motion: similar to transportation waste, at a station level we find motion level which is 
a result of bad workplace design and location of tools and materials. 
 
Production defects: are due to wrong work performance and the cost and time spent 
to rework such mistakes.  
 
2. Increased speed and response 
 
While reducing waste, Lean systems aim to become more efficient and reactive to 
market demands. In the practical part we will see that by improving our assembly line 
we cut down the total time to manufacture a battery. If we want to reduce our 
inventory level of finished products and build to order while still meeting customer’s 
demand we should improve our response. Coordination throughout our value chain is 
essential and that is why at our company, Supply Chain Management and Lean 
concepts are now gaining that much importance. 
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3. Improve Quality 
 
Poor quality endangers the smooth functioning of the line and that is why Lean 
systems stress the need to raise quality levels. Time lost in quality and costs to repair 
bad parts and defects are waste and increase costs to customers. Eliminating the 
sources of defects and errors in all processes in the value chain greatly improves speed 
and agility and supports the notion of continuous flow. 
 
4. Reduce Cost 
 
This is the ultimate goal of lean and of many other management initiatives. Reducing 
waste and increasing quality will eventually reduce costs which in turn increase the 
company’s profits. 
 
 
Lean (Six Sigma) 
 
Although Lean and Six Sigma are two different methodologies both resemble each 
other to some extent. In fact, Six Sigma does not reject any other quality improvement 
approach or technique in its journey to find performance excellence; it may actually 
embrace lean tools at some point. For instance, at the “Improve” stage we might 
eliminate non-adding value activities to reduce cycle time. This is why the term Lean 
Six Sigma has been gaining popularity lately; because the bounds between both are 
blurring. I, at a personal level, tried to take advantage of both and at some point of this 
report I might mentioned the Six Sigma as a source of inspiration. 
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Part 2: Assembly line efficiency improvement (Real Project based on internship) 
 
Company 
 
In order to keep confidentiality of the company’s name, I will refer to it as NPC. NPC is 
a leading custom battery pack assembler servicing the needs of a Global OEM market. 
NPC’s strength is the ability to design and manufacture battery packs that meet 
customer’s mechanical, electrical and quality requirements. Strategic alliances with the 
world’s leading battery cell manufacturers combined with their engineering expertise 
assure the best portable power solution. 
 
Since 1981, NPC has devoted its resources to being a leader in mobile energy 
technology. They pride themselves on creative solutions that efficiently utilize the 
knowledge, expertise and energies of their people, and uniquely address customer 
requirements in all activities. By listening to what customers, partners and industry 
experts are saying, combined with extensive internal and external training, NPC 
delivers quality products on time, with the highest degree of customer service and 
satisfaction. NPC’s commitment to continuous improvement has made them 
experience growth lately and expect to outdo their competitors in the coming years. 
 
Goals 
As in any other company, our attempt is to increase our efficiency. Efficiency could be 
described as how well a process transforms its resources into a desired 
product/service. At our company we measure our efficiency level in terms of 
productivity. Productivity is the ratio of adding-value time and presence time at the 
line. The adding-value time is the time we estimate an operator requires to perform a 
set of task. The presence time is the time spent by the operator at the line. If we 
increase our productivity it means we are able to produce more with the same amount 
of input or that we reduce our input while maintain our output level; we become 
better at it. 
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Productivity is the overall measure used in the company to asses each line’s 
performance; we call it “Productivity Measurement System”. Ours is a quite labor 
intensive environment; we have few automated processes and thus labor costs 
account for an important part of our expenses. That is why being efficient and 
productive in terms of the time committed to assemble batteries is critical. Line 
leaders are responsible for keeping record of the line’s productivity at the end of the 
day. Whenever, productivity does not match the line’s capacity it means there has 
been a “loss”. A “loss” is what in lean, at a process level; we might refer to as “waste”. 
Following are different types of “loss”: 
 
Utilization loss: usually involves weak planning capability or setup problems. For 
instance, if we do not plan properly how many parts we are going to produce one day 
we might have part shortages at the line and thus production disruption. Other 
examples of utilization loss include machine breakdown, weak scheduling, or layout 
setup. Management staffs such as schedulers or line leaders are usually responsible for 
these kinds of losses.  
 
Method loss: is due to engineering faults when defining methodology (e.g. assembly 
instructions), the process (e.g. line imbalances), design errors (e.g. quality loss), layout 
(e.g. bad ergonomics that result in lower productivity), etc. 
 
Performance loss: as it name indicates comes from bad/wrong performance in the 
line. Slow pace, number of times an operator drops a tool, changing order of steps are 
some examples that lead to defects and performance loss. 
 
In the same way reduction of waste leads to a lean environment, reduction of losses 
leads to increased productivity; and hence higher profits. Loss, in our case, is time 
where we have operators sitting in the line but not adding-value to the product which 
in turn incur in greater labor costs to obtain the same output. In summary, the main 
goal of the lean project is to reduce losses so that we have increased productivity, 
lower production costs and greater profits. 
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Initial Assembly Line 
The assembly line in question assembles battery packs for a world-known wireless 
medical device manufacturer. The current volume of sales is 10,000 batteries a year. It 
is one of our main products. In general, at NPC we assemble to order. However, this 
big demanding customer requires us to maintain a safety stock. The line consists of 3 
stations with one operator working in each one. Following is a description of the initial 
assembling process. Please, find at the end of the project detailed assembly 
instructions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At station 1, a core pack of battery cells is assembled. To do so, first operator welds 5 
3-cell stacks with a resistance welder and nickel strips as the linking material. 
Figure 1. Initial Line Layout 
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Following, the 5 3-cell stacks are introduced into a lay flat which provides stability and 
insulation of cells. Operator shrinks the lay flat with a heat gun so that this fits the cell 
stack’s dimensions.  
Eventually, the operator glues the 5 cell stacks together assembling a core pack of 
battery cells that is hand out to the next station. 
  
 
 
 
 
 
At station 2, two major operations take place: soldering and welding. First, the 
operator assembles a Printed Circuit Board (PCB), red and black wires, and a 
thermistor using a soldering tip, nickel strips and soldering material. After testing the 
PCB value it welds the subassembly to the core pack and welds some other 
connections using nickels strips as well. Other tasks carried out at this station include 
insulating cell stacks and gluing wires so that these are attached to the core pack and 
do not rattle. 
 
 
 
 
 
 
Cells Cell Stack Core Pack 
Core Pack Connections Core Pack Subassembly with PCB and 
Wires 
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Station 3 is the last one where we insert the core pack into the bottom case; we seal it, 
test it and packed it into the final box. However, let me explain a bit more in detail this 
station since a major issue was found here. After operator 3 receives the core pack 
from station this is tested again to check the overall impedance and the thermistor 
value. If the core pack passes the test we then apply RTV silicone on top of it and insert 
it into the battery’s case. At this point batteries are put aside for 24h before they can 
be sealed. The day after, packs are sealed with a sonic sealer. Following we test final 
batteries using the Universal Test Station (UTS); serialize them; and pack them into a 
box. 
 
 
 
 
 
 
 
With this initial situation we produced 90 pieces per day with 3 operators. The total 
length of the operation, without counting the 24 hours batteries were put aside, was 
771.8 seconds. 
 
 
 
 
 
 
RTV Silicone 
Sonic Sealer 
Final Battery Pack 
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Project Schedule 
Below is how the project schedule looked like. A strong project plan is essential as well 
as assigning responsibilities. The schedule has to be accessible to everyone involved to 
ensure deadlines are met. Otherwise, we would be compromising the project’s 
success. 
 
Action 
Responsibl
e 
Deliverable
s 
Week 
1 
Week 
2 
Week 
3 
Week 
4 
Week 
5 
Week 
6 
Take Videos Jordi Videos             
Time study Jordi Time Study             
Brainstorming 
1  
JJ Ideas 
            
Brainstorming 
2 
JJ Ideas 
            
Organize ideas 
in ECRS form 
Jordi ECRS form 
            
Create 
Operations List 
Jordi 
Operations 
List             
Team Meeting  Team ECRS form             
Idea feasibility 
evaluation 
Team ECRS form 
            
Design phase Jordi 
Operations 
List             
Line Layout 
Jordi, Line 
Leader 
Visio layout 
            
Implementatio
n schedule 
Jordi Schedule 
            
Management 
Approval 
Jordi, JJ, 
George 
Decision 
            
Kick off 
Meeting 
JJ, George, 
Jordi 
Training 
            
Implementatio
n verification 
Jordi, JJ 
Productivit
y increase             
 
This project schedule can be used as the outline of topics I will discuss. 
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Video Recording 
My first responsibility was to record a video for every station. Each video contains the 
tasks and the procedure followed to assemble three pieces. The main purpose of the 
videos is to afterwards analyze them and breakdown the three operations into small 
tasks and carry out a time study. Still, videos are also very useful to review so that we 
can analyze the process without having to be going back and forth to the line all the 
time trying to understand what operators are doing. Likewise, videos are used in the 
brainstorming sessions to review these together with operators, the quality director, 
the production supervisor and the operations engineer. 
The main challenge of the video recording part is capturing all movements close 
enough without interfering in the operator’s performance. Being too far or recording 
from a wrong angle might difficult the time study and analysis part since we might not 
have clear enough visibility of were hands are placed all the time or accurate 
movement perception. For instance, there is a huge difference between an operator 
that uses both hands all the time independently and another one which is not as 
proficient. On the other, being too close can be counterproductive. Operators are not 
used to being watched closed by others; especially by me who was a total stranger to 
them. Therefore, some of them can either speed up the pace if they feel they are being 
evaluated or slow down if they intend to jeopardize the time study for their own 
benefit. Another way to prevent this from happening is by getting them involved. 
Operators and line leaders have to be involved in lean projects from the very beginning 
and that is why they must understand the purpose of the project and that it will 
eventually benefit the overall company performance. I took advantage of the fact that 
operators and line leaders speak Spanish too; this allowed me to establish good 
communication with them from the beginning.  
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Time Study 
Time study is what follows the video recording. As mentioned before, here I broke 
down all the process into small tasks and timed these for 3 pieces. It is a mechanical 
yet critical part of the project. The time study will give us the standard time which we 
are going to base our project on. Please, note that, to us, the calculation of the 
standard time differs from the traditional industrial engineering definition. The 
standard time is the reasonable time that an operator requires to perform a given task. 
I say reasonable because we base our observations on seasoned operators which are 
performing at a good steady pace. Besides, all the time savings estimations and line 
improvements will be made based on the time study. Thus, we need to be accurate. To 
do so, I established myself a rule to stay consistent on how to break down tasks. I 
started counting time from the moment the operator lost focus in the previous task to 
go on with the following one. This way there was no time gap that went unrecorded 
between tasks. To time the tasks I used Windows Media Player, which is not the most 
accurate stop watch that exists but given our needs and process it is good enough. 
At the end of this project report you can find the complete time study datasheet. 
However, I below present what information we obtained from time studies. 
 
Operator 1 Mean Std.  Var.  
  
Weld .80" Nickel Strip to positive of Cell 4.1 0.9 22% 
Turn the Cell and weld .80” Nickel Strip to negative of Cell 3.9 1.0 26% 
Weld negative of Cell to positive of Cell 4.1 0.7 17% 
Weld positive of Cell to negative of Cell 4.6 0.6 14% 
Weld 5-3 cell Stack 83.3   
Insert 5-3 cell Stack into 8.20” Lay flat 39.0 1.7 4% 
Use Heat Gun to Shrink Layflat 63.0 3.5 6% 
Glue 2-3 cells sticks positive and negative with RP5 and 
Activator 
23.0 3.6 16% 
Place 3-3 cells sticks onto fixture (+,+,-) with RP5 and 
Activator 
31.7 4.0 13% 
Place 2 Cell Stacks positive and negative to top of 3 Cells 
Stack and glue with RP5 and Activator 
33.0 1.7 5% 
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Total Op 1 273.0   
 
Operator 2 Mean  Std. Var. 
Solder 18awg RED Wire to 2.50" Nickel Strip 14.3 4.7 33% 
Insulate Red Wire assembly with .85" Heat Tubing 6.7 0.6 9% 
Solder 18awg BLACK Wire to 8.25" Nickel Strip 6.3 0.6 9% 
Insulate Black Wire assemblies with .85" Heat Tubing 6.3 1.2 18% 
Solder 2 22awg YELLOW Wire 2.25" to Thermistor 19.0 0.0 0% 
Insulate both leads from Thermistor with Heat Tubing 
and shrink with heat gun 
16.7 1.2 7% 
Place PCB on Panavise 7.7 0.6 8% 
Solder Red Wire to PCB 10.7 2.5 24% 
Solder Yellow Wire to PCB in two locations 19.7 1.5 8% 
Solder Black Wire to PCB 8.7 0.6 7% 
Clean PCB with Alcohol and brush 4.3 0.6 13% 
Insert male connector to PCB (Verify PCB) 3.0 1.0 33% 
Solder ends of Klixon to Nickel Strip 20.7 1.5 7% 
Insert Heat Tubing and shrink 9.7 1.2 12% 
Weld 1" Nickel Strip from positive to negative of Core 
Pack 
15.3 2.3 15% 
Weld Polyswitch to negative of Core Pack 6.0 1.0 17% 
Fold Polyswitch and weld to positive 5.3 0.6 11% 
Weld Black Wire to negative of Core Pack 7.0 1.0 14% 
Weld Red Wire to positive of Core Pack 7.7 1.2 15% 
Weld 1" Nickel Strip from positive to negative of Core 
Pack 
10.7 1.2 11% 
Weld Klixon to positive and negative of Core Pack 16.0 1.0 6% 
Place Insulator over positive and negative of Core Pack 13.7 2.1 15% 
Glue thermistor and Black Wire with RP5 and Activator 33.3 4.9 15% 
Total Op 2 268.7   
 
Operator 3 Mean  Std. Var. 
Apply Poron Pad 16.7 3.8 23% 
Attach Battery To Test Connector 6.7 3.1 46% 
Visual inspection and Apply Tape around opening 24.0 2.0 8% 
Apply RTV under Klixon and top of Black Wire 5.7 1.2 20% 
Apply small amount of RTV to bottom of core pack 2.0 1.0 50% 
Apply RTV to side with red Wire 17.7 3.5 20% 
Apply RTV to bottom of Core Pack 10.7 0.6 5% 
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Load Core Pack into Bottom Case and push down far 11.7 2.1 18% 
Remove tape, clean and put aside 29.3 5.7 19% 
    
KEEP ASIDE FOR APPROXIMATELY 24 H    
    
Ultra Sonic Welding (after 24h)    
Place Plastic on top of Core Pack 5.3 1.2 11% 
Insert Core Pack  6.3 1.5 24% 
Push to the front the Red Levver  1.7 0.6 35% 
Place top cover 4.3 0.6 13% 
Place Plastic over Top Cover 4.0 0.0 0% 
Sonic Weld 2.3 0.6 25% 
Remove Top Plastic 1.3 0.6 43% 
Remove Battery from Functional test 6.0 1.0 17% 
Remove Battery from Sonic Welding and Plastic 4.3 1.2 27% 
Visual inspection to top 6.0 1.4 24% 
Universal functional Test/Labeling    
Clean battery pack 6.7 2.1 31% 
Plug Battery Pack into fixture 3.7 0.6 16% 
Take Barcode and Scan 6.7 0.6 9% 
Apply Barcode to Battery Label 11.3 2.1 18% 
Apply label and barcode to Battery 5.7 0.6 10% 
Packaging    
Set up Master Carton 6.7 8.3 125% 
Pick 5 batteries while checking serial number (2 times) 2.5 1.2 46% 
Place Battery into Bubble Bag 11.3 1.5 13% 
Place separating carton 2.5 2.8 113% 
Place battery inside the box 2.7 0.6 22% 
Seal Carton 3.4 7.1 208% 
Put away box 1.0 1.4 141% 
Total Op 3 230.1   
 
Op1 273.0 
Op2 268.7 
Op3 230.1 
 
 
Total Mac Pac time                                                                       771.8   
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Line Balance Ratio: 94%  
How well the workload is shared = 771.8 sec. /( 3 x 273 sec.) 
Max Pieces per day: 98.9 
Maximum number of units per day given the bottleneck =7.5 hours x 3,600 sec./273 
sec. 
 
 
 
 
For every task in the time study we calculate the mean, standard deviation and the 
variation between these of the 3 pieces observed. The addition of all the averages 
gives us an idea of the average time to complete each operation and to complete a 
battery. Some good information can be extracted from the time study. For example, 
we see that the line balance is at 94%. That means that by balancing the workload we 
could already obtain a greater output. Second, we observe that the max pieces per day 
are 8.9 pieces above our current output. That means that our line is performing at a 
relatively lower and inefficient pace and that we should expect higher output by just 
demanding a faster pace; there is underused capacity as to say. Finally, the last graphic 
easily shows what station is the bottleneck; station number 1. 
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Brainstorming sessions 
Brainstorming sessions are truly an important part of the Lean Project. Up to this point 
I barely have an idea about the current situation of the assembly line; with the time 
study we assumed that what was being done was meant to be and did not bother to 
question it too much. However, I could already tell task times also included inefficient 
actions such as twisting too often or reaching too far, too high, excessive handling; you 
could already see waste. Therefore, it was now time to identify flanks and bring up 
ideas that will have an impact on how things are being done and hopefully improve 
efficiency. In a Six Sigma project this would be the “Analyze” stage. Before the group 
meeting there is still a bit of work to do. I spent about three days going over the 
videos; analyzing every single little thing that operators were doing. Here, the “Why?” 
technique is really a powerful tool. By doing so, many ideas come up and so do new 
questions. I wrote down every single question that popped in my mind, every single 
inconsistency, every non-value adding task and potential solutions for each one.   
Time consuming activities 
By looking at the time study I could quickly realize what activities take longer. These 
activities are appealing since potential time reduction exists. When reviewing the 
videos I saw that these activities usually involve more actions and movement that can 
be eliminated, rearranged, combined or simplified; as opposed to other activities that 
appear, at first sight, to be very straight forward and simple and with little possible 
modifications. 
 
Work study 
The assembly line is mostly labor intensive; and most of the tasks are done manually 
with usage of few tools. When paying attention to the videos, I counted how many 
times the operator reaches for a certain part; what was each of her hands doing at all 
times; and how much distance and time it took for the operator to move her hands 
from point A to point B. The aim here is to question the current assembly instructions 
or procedures, as well as the station layout to come up with a better solution that 
saves motion. The benefit of improving these small inefficiencies is hard to quantify 
because we are talking about very short distances, and subtle movements. However, 
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saving, as an example, 0.5 seconds every time operator reaches for the solder, which is 
repeated over 720 times every day, can at the end make a difference. 
 
Ergonomics 
Ergonomics are another important factor to bear in mind. In the videos we look for 
uncomfortable positions or note down every situation where operator reaches above 
her shoulder level. If, for instance, an operator is using two tables and one is lower 
than the other, you can easily tell one of the tables is wrongly set up. Likewise, if bins 
are located above the operator’s sight level, he/she will probably make an extra effort 
every time she needs to pick parts from that particular bin. As in the previous category, 
ergonomics improvements are hard to quantify. Nonetheless, we can assure that not 
correcting these create fatigue and affects performance; lowering productivity and 
endangering quality. 
 
Supply Chain 
Supply chain issues usually arises when we observe non-sense tasks such as trimming a 
fuse or cutting plastic to a desired length. The question that triggers in our heads is 
always: “Can’t we get it already in the right form/length we need it so that it is ready 
to apply/use?” The solution will imply contacting and dealing with suppliers. We will 
also ask suppliers for advice about similar alternative products or even tips to handle 
and use their products more properly.  
 
Design 
Customers usually have narrow and strict product specifications and that is why 
changing parameters and designs is not usual part of a solution. Many of our 
customers, and especially important ones, are very conservatives when it comes to 
changing design and specifications. When I say design, I refer to thinking of new ways 
and tools; for instance, a new material dispensers, fixtures, bins, gadgets to apply glue 
on different spots at once, or a new heat gun configuration to speed up the shrinking 
process. Collaborative work with current and potential new suppliers is also part of 
these design solutions.  
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When all ideas and questions are somehow written down and classified, it is time for 
the first meeting. I was responsible for giving an initial introduction. During 
brainstorming the manufacturing manager, production manager, an operations 
engineer, the line supervisor and three operators are present. An important thing I 
learned was that at this point a good presentation can make a difference on what the 
final output of the project is going to be. One of the purposes of the brainstorming is 
employee engagement with management goals. It is crucial that employees 
understand and embrace the lean project; for two main reasons. First, because 
operators usually see these sorts of projects as a mere management effort to reduce 
labor costs; thus, resent employees can jeopardize the project. This assertion is not 
based on scientific facts, but the attitude of some workers and their opinions do not go 
unnoticed. Second, operators are truly a source of knowledge and ideas. They are the 
people that day by day are exposed to the inefficiencies and flanks of the process. 
They better than anyone can point out these drawbacks and also provide a quite 
thorough answer to many of the questions I had been asking myself up to this point. 
Therefore, engaging employees in these projects is essential and good management 
and motivational skills are required. From the very beginning we, as a company, want 
operators to understand that they are not the ones being evaluated, but the process is.  
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ECRS Form 
Filling in the ECRS (Eliminate, Combine, Rearrange, and Simplify) form is the following 
step of brainstorming. All ideas that came up during the group meetings are organized. 
At the same time, the spreadsheet has to be filled in following the column’s criteria in 
every case. The purpose of this form is to better assess the evaluation and decision 
process of what solutions to implement. Below is an example of how this form’s 
header looks like. 
  
No Station Idea ECRS 
Difficulty 
Comments Implement? 
Person 
responsible 
Estimated 
saved 
time 
 
Cost  
 
Payback 
(#packs)  
 Payback 
(months)  Cost Time Techno 
 
 
Station: indicates what station the idea refers to. 
Idea: the idea itself. At the early stages of the project it may include simple notes or 
unanswered questions that need to be reviewed. 
ECRS: is a letter code that gives name to the form and categorizes the solution 
according to its nature.  
 (E) Eliminate: would be the ideal solution. Whenever a step or material can be 
eliminated all the time previously spent doing that task is now gone. With all 
other type of solutions we might be reducing and saving time but after all we 
will be yet have to do something else; which takes time and the possibility of 
doing errors is there still. Thus the more E’s we have on our spreadsheet the 
better. 
 (C) Combine: is when two operations that are being done separately are mixed. 
For example, this can be achieved by training operators so that instead of using 
only one hand they use both instead to pick different components at once.  
 
23 
 
 (R) Rearrange: is the attribute assigned when a solution questions how a 
particular task is carried out or the methodology followed. For that particular 
idea we might redesign the procedure and improve time but the activity is not 
removed 
 
 (S) Simplify: to find an easier way to do things. Simplification involves the 
mechanization or automation of a process, operation, or element. 
 
Difficulty: is a letter code to estimate the cost, time, and technology required to 
implement an idea. It is useful to identify “low hanging fruits” that might be 
implemented right away from other that will require more time, dedication and 
resources. 
 
Cost   Comments 
A less than $1,000 
Not including labor/overead B $1,000 - $5,000 
C more than $5,000 
Time     
A lesst han 1 week   
B 1 week - 1 month   
C more than 1 month   
Technology     
A On the line   
B In company   
C Outside Someone from outside has to be involved 
 
Comments: explain more in detail what the idea is about. Moreover, comments are 
used to indicate what the status of the idea is. For example, an idea may need some 
experimentation and study of different possible solutions. In that case, comments will 
provide information of the advancements achieved up to that point. 
Implement: simply, it indicates whether an idea will be finally implemented or not. 
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Responsible: as in any project different people are involved; since only one person 
could not do all the work him/her self. Time and also technical knowledge limitations 
exist and that is why responsibilities, according to expertise, are assigned in order to 
optimize workload and project time. The different categories included: 
Person # ideas Reason for concern 
Jordi 20 General    
Jonathan 12 Fixture / Machine related 
Anne 11     
Timothy 6 Quality related  
Edward 4 Supplier related  
Julio 4 Process related  
Mike 4 Mechanical properties 
Jack 1 Test equipment related 
 
              Estimated saved time: obvious, the time we expect to save with the idea. This will help 
calculate the payback of the project as well as to redesign the line and balance it. 
Cost: cost to implement the idea. It could be either the cost of a new machine, tool or 
fixture. If the idea involves using an alternative material or part that is more expensive, 
the increase in cost is not considered here. 
Payback: calculates the number of packs need to be produced, and the time in month 
to elapse, to recover the initial investment. This is a very approximate calculation. To 
begin with, it does not include consultant’s fee or my salary which in fact is the major 
cost of the project. On the other hand, for a small company like ours a good payback 
period might be between one or two years. However, the philosophy behind 
continuous improvement is to implement changes which require little investment; as 
opposite to punctual dramatic changes with large capital investments. That is why we 
will see that the cost of the project was small and the payback much less than a year. 
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Operations List 
The operations list is an Excel document similar to the Assembly Instructions, as it 
includes all the tasks that need to be completed step by step. Here is when the Time 
Study and the ECRS form merge and everything starts making much more sense. The 
Operations List usually includes 2 to 3 datasheets. The first one represents the current 
situation with all the steps and times. The other datasheets are alternative designs 
which include the time savings.  
 
 
 
 
 
 
 
 
 
 
The alternative designs sheets are used to “play” and start redesigning the line based 
on the savings we expect according to the ECRS; here is how it works. Every datasheet 
has initially the same information: activities, frequency, current time, etc. It also 
contains different information such as current total time, line balance ratio, target 
cycle time, total number of pieces able to produce and productivity. This information is 
automatically updated every time we change something. There are two parameters 
which we can “play” with. First one is “saved time” column. Here we introduce the 
estimated saved time calculated at the ECRS form. We fill in this column later in the 
project as we start realizing what ideas will be implanted. The other parameter to 
Operation List screen capture 
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adjust is the “station” columns. Whenever we save time at one of the stations, the line 
will unbalance. Therefore, we will use the station columns to “play” and “guess” which 
task should be now assigned to each station. While doing so, the line will rebalance, 
and the cycle time and productivity values will adjust according to the new assignation. 
The fact that we have multiple datasheets with different designs is because we have 
many ideas that we do not know whether we are going to eventually implement or 
not. In addition, we might have an alternative design for ideas that can be 
implemented right away and another with an “ideal” design with ideas that will require 
more time and will exceed the project timeframe. Besides, two similar solutions can be 
feasible and Operation List may consider both before selecting one according to our 
preferences.  
 
Team Meeting 
At the end of week 2, after creating the Operation List and finishing the ECRS, we 
called a meeting. The purpose was to explain the project and its goals to all the 
employees that would be involved. We conveyed the ideas and responsibilities that 
were assigned on the ECRS. For the next two weeks everyone was responsible for 
giving their ideas a thought and evaluating whether they were feasible or not.  
 
Idea Feasibility Evaluation 
That was a challenging part. Some ideas were mature and a solution had already been 
defined. Other ideas were no brainers and were implemented right away. On the other 
hand, some ideas were just, well, ideas and more experimentation was required. 
Beside, an important aspect of project management was having others work for you 
and making sure everyone is keeping up with their own ideas, while working on mines.  
Below, I will discuss the most important ideas by category that we evaluated and 
eventually implemented. I believe it is interesting to see what challenges and problems 
we faced. The following table shows some of the ideas I will explain more in detail: 
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Idea Category Station 
Relocate Lay Flats Ergonomics 1 
Reduce Welder Sparks Machine 1 
Improve Gluing Process Tool 1 
Improve Shrinking Process Machine 1 
New Heat Gun Trigger Tool 1 
New Heat Gun location Workspace design 1 
Rearrange Soldering 
Procedure 
Work study 2 
Bins Configuration Workspace design 2 
Eliminate Flux Supply Chain & Material 2 
Precut Insulator Supply Chain & Material 2 
Soldering Fixture Tool 2 
Eliminate Ruler  Method 2 
Remove Tests Method 2, 3 
Adjust bins content Workspace design 1, 2, 3 
Wider Tape for RTV 
application 
Supply Chain & Material 3 
Relocate Packs Curing  Workspace Design 3 
Delete Trimming Barcode Material 3 
Adjust Sonic Sealer  Machine 3 
Reschedule first/last day of 
SFO 
Planning 3 
Readjust box carton to 
content 
Supply Chain & Material 3 
Print box information Method 3 
Replace RTV by foam pads Design 3 
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Ergonomics and Workspace Design 
Ergonomics and workspace design are very important matters in manufacturing 
environments within labor force and where tasks are repeated several times per shift. 
As mentioned before in this report, improved ergonomics and work stations may 
reduce the cycle time considerably, and they will definitely make the task less dull. 
Besides, we prevent productivity from decreasing at the end of the shift when 
operators are feeling more tired. I present these two categories together since they 
are close related. While ergonomics are more concerned about operator’s safety and 
comfort workspace design focus on reducing operator’s movement to reach for a tool 
for example. At the end, a better station layout will probably improve ergonomics as 
well. 
Relocate lay flats 
At the beginning lay flat’s bin was located on top of the welder power supply. Operator 
had to reach above her shoulder level five times for every core pack she assembled. 
This made it 450 times a day. We talk to the operator and she mentioned her shoulder 
was soared at the end of the day.  
New Heat Gun location and Bin Configuration 
Similar to the above issue, heat guns are placed on the table and due to their height 
operators have to reach a bit above their shoulder to shrink heat tubes. As a solution 
we design a work station that included to major changes to enhance comfort and 
space. First, we drilled a hole on the table from where the heat gun could emerge. This 
way, we do not need to reach above but just slide our hand over the hole and shrink 
whatever needed. As a complimentary part we attached a part of rack underneath the 
table where we can attach bins on. This allows to have some bins removed from the 
table top and placed in front of the operator; it looks as they are typing on a computer 
now. 
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Adjust bins to content 
When recording the videos, a very tedious thing was to stop recording and starting all 
over again because operator had to stop to replenish a bin. This is a good example of a 
utilization loss. In this case it a set up mistake since we are not using the proper bins 
on the work station. You can see that some bins are too small and therefore over the 
shift operator will have to stop to replenish material. In the same way, having too big 
bins is not a good alternative either; they took more space than required. What we did 
is changed all the bins to fit the one-day-of-supply capacity required. This also makes it 
easier for material handlers to replenish bins; at the end of the day, they replenish all 
bins so that these are ready for the next shift. 
Relocate Packs Curing 
At station 3 we have battery packs with RTV silicone that are put aside for 24 hours 
before they can be sealed and packed. As the number of pieces is 90 a day we need 
three bins filled with batteries on the station. We simply removed those bins and put 
them somewhere else over the night. This way we reduced the distance traveled by 
the operator.  
Other ideas that we implemented regarding ergonomics and workspace are a foot rest 
for short operators and optimized table space.  
Similarly to the 5S project we gave a presentation about ergonomics and safety, 
enclosed at the end of this project, to remind people of the importance of ergonomics. 
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Machine 
Issues with machines were a bit out of my hand at the beginning. Specific technical 
concepts are involved and it is hard, not to say impossible, to come up with a solution 
yourself.  
Reduce Welder Sparks 
At the brainstorming sessions we notice that welders sparked excessively. This lowered 
the quality of weld connections increasing the overall impedance of the battery pack. 
In addition, welders did not work properly at the end of the shift and we were 
experiencing machine breakdowns and idle times.  Quick solution though; the machine 
responsible solved the problem the first week. 
Improve shrinking process 
When looking at station one, there was one operation that was very time consuming; 
the shrinking process. Cell sticks were introduced one by one on lay flats and then 
these were shrunk one by one with a heat gun. The total process length was 39 
seconds to insert the cell stick into the lay flats and 63 seconds to shrink them.  
One day, walking around the warehouse I found a machine that looked like the 
conveyor used at fast-food pizza restaurants. It was a heat tunnel; a heat gun mounted 
on a conveyor. I thought we could use that to shrink the cell sticks automatically.  
We started testing it to see what output we obtained. At the beginning we were 
concerned about the fact that because of the lay flat tension when shrinking cell sticks 
were bending a little bit. This created some voids between cell stick when glued 
together. To assess that issue we assembled complete battery packs using those cells 
and made sure that although the voids core packs would fit inside the bottom case. In 
addition, we analyze what thing could go wrong: aesthetics, dimensions, cell sticks 
ungluing, etc. We finally reached the decision that the minimal voids formed where 
not a concerned and that these did not endangered the battery performance. 
Regarding aesthetics, it is hardly noticeable and since the core pack ends up inside a 
case and wrapped in RTV silicone, aesthetics are not a concern. However, we 
established a standard and we test the voids with a go-no-go gauge. 
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This has been one of the biggest improvements, not to say the most important. Now, 
the operator inserts one cell stick into a lay flat, loads the cell stick on the heat tunnel 
and goes on with the others. This has virtually eliminated the shrinking time. 
 
Adjust sonic sealer 
Sonic sealer was a source of waste in its whole meaning. When sealing, flush is created 
on the edges of the parts being weld. This is something totally undesired and operators 
have to remove this extra material. We were experimenting excessive flush and thus a 
lot of time was wasted trimming the parts. We called in the suppliers and asked them 
to help us identify the root cause. Due to their extensive knowledge we could easily 
readjust the machine’s parameters to obtain the wanted target and we considerably 
reduced the need to remove material after sonic sealing. 
 
 
 
 
 
 
Heat Tunnel 
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Tool 
Improve Gluing Process 
The gluing process at station 1 was another of the activities with high improving 
potential. It was 87.7 seconds long and I quickly notice there was excessive handling of 
the core pack. The gluing procedure followed by the operator was: 
Glue 2-3 cells sticks positive and negative with RP5 and Activator 
Place 3-3 cells sticks onto fixture (+,+,-) with RP5 and Activator 
Place 2 Cell Stacks positive and negative to top of 3 Cells Stack and glue with RP5 
and Activator 
 
 
 
  
 
 
 
 
She was putting on and removing the cell sticks from the gluing fixture too many times. 
We therefore designed a new gluing fixture that allows the operator to glue all the cell 
sticks almost at once. The new fixture features holds the cells tight together and has 
lower sides which enables to easier apply the glue. 
 
 
 
 
 
Glue drops 
Gluing Fixture 
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Along with the new fixture we reviewed the gluing process. Now the procedure is as 
follows: 
Insert 3 cell sticks on fixture, and glue them using RP5 and Activator 
Place 2 remaining cells on top and apply RP5 and Activator on sides and on top 
 
This has been one the important time reductions as well, as we reduced the gluing 
time by 37 seconds, compared to the original time, on average. 
New Gun Trigger 
We use heat guns as a source of heat in many different lines and stations. On many of 
these lines heat guns are placed on the table and remain on for the entire day since 
operators reach to them to shrink some heat tubes. Our concern here was the large 
quantity of energy wasted. The problem of turning off and turning on the heat gun 
every time is that operator would need to free up one hand to do so and this disrupts 
the activity she is doing. We decided to purchase heat gun pedals which connect to 
and trigger the heat gun with the foot. Easy and cheap, only $25 dollars each and 
energy is now being saved.  
 
 
 
 
 
 
 
 
 
Heat Gun Pedal Heat Gun 
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Soldering fixture 
The soldering fixture solution is one of my favorites as is a simple modification and a 
good example of motion waste. Before, at station 2, we were using a panavise on 
which we attached the printed circuit board. Then we soldered all wire on to the PCB. 
The fact that they were using a panavise was painful to my eyes. Every time they had 
to roll in to hold the PCB and roll out to release it. The easy solution was an aluminum 
fixture that perfectly fit the PCB and all we need to do now is place the PCB on the 
fixture and solder. Excessive motion because of the wrong tool has been eliminated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Soldering Fixture 
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Work study 
Rearrange soldering procedure 
At station 2 the operator has to solder 2 wires to nickel strips, insulate them, solder 2 
more wires to a thermistor and insulate them as well. I notice that operator was 
reaching too many times for the tools and material and I decided to find a better way 
to do so. This is a comparison of what she was doing and what I suggested she should 
do: 
 
Current… Propose… 
Reach for four nickel strips Reach for four nickel strips 
Reach for red wire Reach for red and black wires 
Reach for soldering tip Reach for soldering tip 
Solder red wire to nickel strip  Solder red and black wire to nickel strips 
Put back soldering tip Put back soldering tips 
Reach for heat tube and insert on red 
wire 
Reach for 2 heat tubes and insert both on 
red and black wires 
Reach for heat gun and shrink Reach for heat gun and shrink 
Reach for black wire  
Reach for soldering tip  
Solder black wire to nickel strip  
Put back soldering tip  
Reach for heat tube and insert on black 
wire 
 
Reach for heat gun and shrink  
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Including the assembly of thermistor and a component called Klixon the number of 
times the operator reached for: 
 
Times reached for… Current Propose 
Solder 8 6 
Heat tubing 4 3 
Heat Gun 4 3 
Nickel strips 1 1 
Yellow wire 2 1 
 
 
We reduced the number of times operator reached for material and tools by just 
rearranging the work procedure. We saved time and motion. 
Actually, a surprising thing is that the assembly instructions correctly described how 
the steps should be performed; the operator was just not following them.  This is 
something that line leaders and managers have to keep an eye on; since many times 
operators tend to look for a personal benefit rather than doing what is meant to be. 
For instance, once, in another line we rearrange the testing station in order to reduce 
the traveled space. In fact, now the operator would be able to do everything she was 
doing before while seating on a chair. We noticed that, however the change, she was 
still standing up and moving around too much. We asked her whether she liked or not 
the new station. She said “yes, but if I have to sit down all day long, I will now put on 
some pounds”. True story. 
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Supply chain & Material 
These ideas usually involve looking for material alternative or getting quotations from 
suppliers to see what better alternative they can offer. Afterwards a cost comparison 
against labor cost savings is done to see what option is more attractive for the 
company. 
Eliminate Flux 
Flux is a liquid that we use when soldering. It makes it easier for the soldering wire to 
attach to the metal. Previously, every time we soldered we had to apply it and thus 
was an extra material and task we had to do. We contacted some suppliers and got 
samples to test different solder wires which content in flux was higher. Here there was 
no cost increase and we switched to the new solder wire; and removed flux from our 
operations. Please note, that sometimes this is not possible, it depends on the material 
and components you try solder and that is why it requires testing. 
 
Precut insulator 
At station 2 we apply an insulator sticker. This insulator material used to come in the 
shape of strips on a roll. At the line we needed small square shaped adhesives and 
thus, line leader had to cut them in advance to be ready to use on the line. We got a 
quotation from the supplier to see if we could receive a roll with these square-shaped 
adhesives. The current price was about $0.036/each and the new quote was 
$0.045/each. Almost 1 cent more expensive per insulator which over the year was $90 
increased cost of material (10,000 batteries/year). As the dimensions of the stickers 
are not CTQ in our product we increased the specification tolerances and reduce the 
extra cost down to $70 a year. We compared this cost increase against line leaders 
cost in time to cut the material in advance. It took her about 30 minutes to cut the 
insulator strips required for each shop order. We have an average of 12.5 shop orders 
a year. At a labor cost rate of $13.89/hour this is $86.8 that we save. We implemented 
the change. Although the savings are minimal it is a smoother and more appealing way 
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to do things. In addition, as we are striving to give line leaders more management and 
overseeing duties we want to diminish their manual workload. 
 
Wider tape for RTV application 
Right now, we are applying RTV to provide inside cushioning to the battery pack. The 
RTV is a sticky silicone paste. The problem is that when we push down the core pack to 
insert this into the bottom case the RTV overflows. That is why we apply ESD tape first 
and then remove it to get rid of the extra RTV coming out of the bottom case. Up to 
this point we were applying two 0.5” width strips. This made no sense at all. We 
purchased a 0.75” width tape and the task time has been reduced to the half since 
only one strip of tape is applied. The cost increase is offset by the fact that after all we 
are applying less tape and we saved time. The need to clean afterwards has been also 
reduced. 
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Readjust Box carton to Content 
At the packaging stage we were using a given carton box. The box was slightly bigger 
than its content and for this reason we needed to add some filling material to prevent 
content from shifting during shipment. We simply found another box used in another 
line that better fit the content. This way we eliminated the filling material and the time 
to insert it. Apart from this, below is a table comparing both boxes: 
 
Current New 
Product # (Mac Pac) GEH400151ENMPCR 
Name Double Wall RSC Carton Superbee Carton 
Box # Z07-DTX8415 Z07-536 8545-3 
Dimensions 10.25"x10.25"x7" 9.5"x9.125"x7" 
# of Batteries/Box 10 10 
# Boxes/pallet 20 20 
Cost of Box $1.25  $0.63  
Observations   
Better adjustment of carton to 
content. Elimination of separating 
carton currently added. 
Lead time 30 days 15 days 
Resistance Both boxes have double wall; thus, resistance should not change 
 
As we can see, the cost and lead time of the new carton box was even lower while 
resistances remaining the same as both are double-walled boxes. 
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Method 
Eliminate Ruler 
The ruler was before used to measure the distance the thermistor should be glued at 
on the core pack. The fact is that this distance was not CTQ and it was for internal 
purposes only. Operator excessively handle the pack to accommodate the wires before 
taking the ruler, then she picked up the ruler, measured having to pay attention to the 
ruler number and finally glue the thermistor using RP5 and Activator. We decided that 
this could be done just using a visual mark. For example, we saw that the operator 
could take the length of one cell as a reference and add 1” to that length. As it is not a 
critical measure this procedure is good enough. 
 
Remove tests 
This is an interesting debate since it was a delicate decision. Before, I would like to 
introduce Six Sigma point of view on quality issues that may help to understand the 
situation.  
 
 
 
 
 
 
In Six Sigma Cost of Quality (COQ) is the total costs incurred in the pursuit of quality. 
There are three categories of costs: failure cost (include external and internal), 
correction/appraisal cost, and prevention costs. 
Failure costs are costs of repair, rework, scrap, design changes, etc. Appraisal costs are 
costs associated with reviewing, measuring, testing, etc. And prevention costs are for 
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example training, planning, field testing, and so on. The costs impact tends to be as 
shown on the figure above: failure and defects will result more costly than prevention 
costs. Therefore, what companies try to do is to move the cost upstream, commit 
some resources to prevention and detection while reducing failure costs. However, 
testing everything is not the ideal situation either. That is why continuous 
improvement programs emphasize the need to do things right the first time and 
prevent mistakes rather than testing and reworking defective parts. 
Throughout the assembly line there used to be three testing points. First was a PCB 
test which measured any PCB problems as well as if there had been any short cuts 
when soldering. These short cuts may exist due to solder balls.  Later on, core packs 
are tested before inserting these into the case. This is the impedance and thermistor 
test. If a bad weld or wrong connection has occurred it will be caught at this point. 
Finally before packaging, there is the Universal Functional Test which checks different 
parameters among others voltage, impedance and PCB. Yes, impedance and PCB test. 
We were facing redundancy tests.  
Testing all the pieces is not the best situation either and doing redundant test is 
definitely something we want to avoid. We looked at the facts and the different 
considerations we took into account are: 
 UTS detect all defects at a 100% rate. Therefore, customers will not receive a bad 
battery and this will not impact our external failure costs. 
 
 Only up to 4 pieces a year failed either the PCB or the impedance tests. If we 
removed those tests, at most 4 more batteries a year would need to be reworked. 
The main concern was wasting material and time to rework. This cost was offset by 
the time to do both tests and maintain testing equipment. The calculations are:   
- Time saved by deleting tests: 9.7 seconds/battery. 
- Labor costs saved by deleting tests: $ 0.037/battery 
- Total cost to repair a battery that failed at the UTS: $ 7.76 
o Cost of labor to repair battery: $ 3.47 
o Time to open and repair battery pack at UTS: 15 minutes 
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o Cost of labor to redo operation 3: $ 0.82 
o Cost of battery case and RTV: $ 3.47 
o Cost of RTV/tube: $ 1 
o Cost of Case: $ 2.47 
 
- For the overall year we should expect: 
o Labor costs savings in tests: $374.26 
o Costs to repair batteries that could have been detected early on: $31.03 
(worst case scenario, 4 extra batteries detected at the UTS station that 
could have been detected early on) 
 
 Other considerations include for instance the fact that no data about the defects at 
early tests was gathered and the defective piece was reworked. UTS will now keep 
track of errors and since reworking a battery will be duller it will incentivize line 
leaders to “raise the flag” and we will now do a root cause analysis to prevent the 
defect from happening ever again rather than ignoring so. At Toyota, whenever 
something goes wrong at the line, a cord is pulled and production remains idle until 
someone finds a solution. 
 
 As a prevention method we increased training in soldering and welding; as well as, 
enhanced visual information to avoid mistakes. 
 
Print Box Information 
At the packaging stage, after setting up the master carton, the operator writes down 
by hand on the box the date code, the box number, part number and serial number 
range that go inside the box. This takes about 35 seconds each time. The shocking 
thing is that this information is also contained on a label that is then applied. For 
system purposes they do not want to print the labels in advance and scan them so that 
the system does not report finished inventory that has yet to be produced and moved 
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into the warehouse. However, I talked to the person responsible for printing the labels 
and asked how much would it be to print information tags and how long would it take.  
The time spent to set up the master carton is 67 seconds which includes the time to 
write the information. That is approximately 30 seconds, and sometimes even more. 
Therefore, 30 seconds are 11.575 cents of dollar that we would be saving per box. 
 
The cost of each label is 0.37 cents. The time to print the labels I assumed is 10 
minutes/100 labels and with the same cost per hours that would be $2.315 for every 
100 information tags.  
Thus, savings per year would be ($ 115.75 - 26.85) = $88.9 /year. Although savings are 
not as large as in other cases, the solution is much elegant and the workload of the line 
is reduced. 
 
First and last day of shop order 
When looking at the first and last day of production we realized efficiency was lower. 
 
First day Cycle Time of Task (s) Required time (hours) 
Operator 3 112.3 3.9305 
  
For the first day we saw that the operator stayed in the line during the whole shift 
while its time required to complete 90 pieces was just 3.93 hours. We relocate her 
during the first hours of the shift. 
 
Last Day Time Required (h) Pieces Productivity 
3 operators 1 90 30 
1 operator 2.645 90 34.026465 
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On the last day the three operators work on the last station. According to the numbers 
their productivity was lower than having just the third operator finishing the batteries 
and the other two working at some other lines. 
 
Design 
Replace RTV by Foam Pads 
I have already mentioned quite sometimes now that we apply RTV silicone on the core 
pack before inserting this into the bottom case. The purpose of the RTV is to provide 
cushioning to the core pack and avoid rattle. The RTV issues include: 
 RTV is costly and we are using 1 tube for every 8 batteries. 
 RTV application and related tasks take 101.1 seconds to be completed. 
 Since RTV needs humidity to cure, batteries need to be placed 24hours aside 
before sonic sealing. 
We started thinking what material could replace the RTV and still be as functionally 
good. There were two important aspects about changing the design and material 
used: 
 Design changes are never easy. The customer can be very reluctant to 
changes and will not commit resources to study the proposal unless it saw 
large potential. We studied the customer specifications and did not find any 
particular demand about RTV and the way we were applying. Therefore, it 
seemed as we could go ahead with the change and still meet customer 
specs.  
 On the other hand, we did some trials with foam pads. Foam pads are 
insulating material that we are using to insulate the cell edges. We now 
have them available in a particular shape.  
We are still testing and assessing this change, but we are positive about finally 
implementing it once we find the right material and the proper way to apply it. We will 
greatly reduce the total cycle time at station 3 and the 24 hours disruption of flow. 
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These are some examples of ideas that we implemented. Still, there are many others 
that we analyze and either implemented as well or eventually rejected. About 62 
ideas, alternatives and possible solutions were generated during the brainstorming 
process. 26 ideas have already been implemented. Total cost of implemented ideas 
was $70. 18 ideas submitted are pending of approval or need further assessment. 
Remaining ideas were alternatives to the implemented ones or were not cost effective. 
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Design Phase 
Now that ideas had been evaluated and we had an exact idea of what which one we 
would be able to implement, we had an accurate estimation of the total saved time. 
Station 1 had been the one that had been improved the most. Given the savings, the 
line was now imbalanced and we needed to redesign the line in order to balance the 
workload again. To do so, I looked back at the operations list, specifically at the part 
shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
I used the stations columns to reassign tasks to stations. The goal was to make the 
workload equal and reduce the Target Cycle Time which is the bottleneck station. I 
played with the columns, always having in mind that some tasks have to be done 
before others. The figure above shows the final solution results; 127.54 pieces which 
implies a 42% improvement of the output. 
Before: 90 units/day 
Now: 128 units/day  
Operations List capture 
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Once we decide at what station each task is going to be performed we can layout the 
line. Following are some pictures of how the line looks after making the changes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
New Station 1 
New Station 2 
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Management Approval 
 
At this point much of the work is done. Before implementing anything I needed the 
approval from management. I called a meeting and presented the project to them. I 
walked them through the changes that had been made, the improvements we 
expected to achieve and a short summary report. For example, issues involving 
changes on the Bill of Materials and designs is a main concern to them. First, because 
they want to make sure customer agrees with the changes and; second, because we 
need to formalize these changes by submitting a Request-For-Engineering form. A RFE 
is used so that engineers can validate changes in design for instance.  
The meeting was a success. Management approved all changes and give green light to 
implement them.  
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Implementation and verification 
 
Before the sixth week we implemented all the changes; the line was going to run that 
week and we wanted to have it all set to begin testing the changes. We submitted an 
ACR form which is used to provide record that line changes have been made and that 
the line is running under unusual conditions. This is merely a formality to keep track of 
what serial numbers are affected by the change in case problems come up and to 
justify that the first week we might not hit the target due to the learning curve. And we 
did not. The first two days, we did not reach the target, mainly because of defective 
parts. However, that is alright and that is why the ACR and the implementation week 
are for. We assessed the problems we had, allowed some time for the operators to get 
comfortable with the new tasks and eventually, on the third day of that week we 
reached the new goal. An important part of implementation is making all changes at 
once; operators then realize that they are now expected to considerably improve their 
output.  
Likewise, during the week we finished standardizing all the changes, submitting RFEs 
and Assembly Instructions, and verifying that we could maintain the new production 
pace. I also developed a list of reminders for the line leader. Basically, reminders of 
intangible yet as important issues like ergonomics that she had to keep an eye on.   
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Results 
Below is the information that the report to management included and is the 
comparison of the before and after situation and results of the project: 
Productivity 
 
Overall productivity over the year:   
Productivity = Value-adding time/Production time 
¡Productivity is based on the new standard time! 
Before After 
90 pieces per day with 3 people: 
Overall Productivity = 70.1% 
128 pieces per day with 3 people: 
Overall Productivity = 99.7% 
Overall improvement = 29.6% 
 
Labor hours 
 
Calculations: 
10,000 batteries/year x Number of batteries/day x Hours/day x Number operators x 
Salary rate 
Cost of the project 
• Project from May 2011 to June 2011 (6 weeks) 
• Fixtures/Reengineering: $70 
• Overall payback: less than 3 months 
 
 
 
 
Before After 
2,500 labor hours per year = $34,725 
 
1,757.81 labor hours per year = $24,416.02 
 
$10,308.98 saved annually, or 29.7% of the labor costs 
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Conclusions 
 
Carrying out this Lean Manufacturing project has provided me with wonderful insights 
on how an assembly company works, what Lean concepts are all about, and what great 
benefits we can obtain from Lean.  
Lean is not a scientific methodology. By “not a scientific methodology” I mean that 
there is no formula to solve the problem. However, there are some ingredients in the 
project that are vital:  
- Management commitment is essential to support the projects and dedicate 
resources. 
- Lean mentality to question things. 
- Strong project schedule and standardization of steps. This is critical. As I said 
there is no formula, but sticking to a schedule and methodology to follow will 
structure the path to a solution. 
Some of my questions throughout the project were; how can a company has been 
performing so inefficiently? How can someone come in and improve the output by 
42% in six weeks? If Lean is so beneficial, why companies do not apply it? And, if so, 
why do Lean projects fail? 
Here are some of the reasons based on my observations: 
- People are reluctant to change and are too comfortable with the current 
situation 
- It requires time and commitment throughout the firm, from management to 
line operators. 
- Management fail to identify projects and opportunities 
- People are busy with daily tasks, to meet clients demand and to solve 
setbacks that arise 
- Employees may fear that management’s goal is merely to downsize 
- Misconceptions: 
o Automation is the road to excellence 
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o Large investments are necessary to improve 
o People are the problem, not the process: WRONG! 
- People look for their own benefit 
- Wrong scope, unclear goals and/or low expectations. If we want to gain big 
improvements we have to think big! 
 
In my opinion, lean is rather a philosophy and a management way to approach things. 
It is a state of mind to continuously challenge the way things are done and proving 
yourself (your company) right or wrong every time; eventually becoming more 
efficient by reducing wasteful activities. By doing so, we will reach excellence without 
the need of big capital investments. 
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